well as with heterologous tRNAs from E. coli (2) as substrates.
We have now tested as to whether eucaryotic tRNAs in which m A is present in the TfC loop can serve as substrates for the B. su.bti.lis enzyme.
Purified tRNA Thr and tRNA Tyr from yeast that have m*A in molar amounts were found to accept one mol of methyl groups from S-adenosylmethionine with B. subtilis enzymes. The methyl moiety was found to be attached exclusively to the 1-position of adenosine. Since the sequences of both tRNAs are known (11, 12) it was possible to determine the position in yeast tRNA and Tvr in yeast tRNA J that had become methylated. This was found to be the 3'-terminal residue of the D-loop.
MATERIALS AND METHODS
Materials: Bulk tRNA from yeast was from Boehringer, Mannheim, GFR. Sepharose 4B was from Pharmacia Uppsala, Sweden.
Cellulose thin-layer plates (20x20 cm) were from Schleicher & Schiill, Dassel, GFR and DEAE-cel lulo se (n° 70, 0.9 meq/g) from Schleicher and Schiill,USA. DEAE paper (DE 81) for high voltage electrophoresis was from Whatman, Great Britain. Enzymes were from the following sources: RNAase T_: Calbiochem; pancreatic RNAase, phosphomonoesterase (BAPF) and snake venom phosphodiesterase: Worthington. S-adenosyl-L-|_Me-CJ methionine was from the Radiochemical Centre Amersham, Great Britain, specific activity of 56 Ci/mol. Osray T4 films from Agfa-Gavaert were used for autoradiography.
Growth conditions: B. subtilis W2S was grown in an enriched medium according to Doi (13) . Cells were harvested during the logarithmic phase of growth.
Preparation of extracts: Frozen cells (lOg) were ground with 25g alumina in a prechilled mortar. The resulting paste was suspended in 25 ml of buffer (20 mM triethanolamine-HCl, pH 8.0; 10 mM MgCl,; 1 mM 2-mercaptoethanol; 10% ethyleneglycol). The supernatant from a low speed centrifugation was centrifuged at 105.000 x g for 2 h. The upper two thirds of the supernatant were frozen at-20°C. These extracts (S-100) retain tRNA (adenine-1) methyltransferase activity for at least two months. The protein content was determined according to ref. 14.
Transfer RNAs were removed from S-100 preparations by passing the crude enzyme extract through 1 ml DEAE-cellulose columns. The tRNA (adenine-1) methyltransferase was eluted with the following buffer: 20 mM triethanolamine, pH 8.0; 10 mM MgCl 2 ; 1 mM 2-mercaptoethanol; 10% ethyleneglycol ; 0.2 M NaCl. The eluate was immediately used for methylation.
Transfer RNA: Bulk tRNA from yeast was fractionated by counter current distribution as described previously (15) . (Fig, 1) . The reaction was complete after 3 h. Each specific tRNA accepts one mol of methyl group per mol of tRNA. Only one peak of radioactivity was obtained in both cases that was eluted between the tri-and the tetranucleotide peak. Fig. 4 : DEAE-cellulose chromatography of pancreatic ribonuclease digests of (A) yeast tRNAThr an d (B) yeast tRNATyr, 57 A26O units of tRNAThr respectively of tRNATyr were methylated with B. subtilis extracts and S-adenosyl-L-[Me-'^C] methionine and reextracted as described in materials and methods. The tRNAs were then digested with 260 ug of pancreatic ribonuclease in 0.1 M Tris-HCl, pH 7.5, in a total volume of 1 ml for 3 h at 37°C. The digests were fractionated on DEAE-cellulose columns, 0.6x68 cm in (A), 0.6x60 cm in (B). Elution was performed with a linear gradient of NaCl (0-0.4M) in 7 M urea, 0.02 M Tris-HCl, pH 7.5 (total volume:500 ml). A26O:
ml
; radioactivity/ml:
The radioactive oligonucleotide could therefore probably be de- The radioactive olignucleotides were separated from other oligonuclebtides by high voltage electrophoresis (Fig. 5 A,B) .
The radioactive oligonucleotides from both tRNAs had practically the same mobilities relative to the marker B. The radioactive peak of tRNA r contained a molar amount of t A-A-f,
The radioactive o1igonucleotide of tRNA * was slightly contaminated with several tetranucleotides which had eluted just behind in DEAE-cellulose chromatography. After elution the overall composition and the 5'-terminal residue of the labeled oligonucleotides were analysed.
The methylated oligonucleotides were reacted with phosphomonoesterase to remove the 3'-phosphate. After separation from the phosphomonoesterase, they were hydrolysed with snake venom phosphodiesterase yielding 5'-mononucleotides and a nucleoside from the 5'-end of the oligonucleotide. The products of phosphodiesterase digestion were separated by two-dimensional thin-layer chromatography. Quantitative analyses (Table 1 ) resulted in one A 0H> one pi Cjm A, two pG and one pC.
We therefore conclude that the sequence A-A-G-G-C had become methylated and that the methyl group had exclusively been transferred to the internal adenylic acid residue of this sequence. Electrophoretic separation on DEAE-cellulose paper of the oligonucleotides recovered from the radioactive fractions of the DEAE-cellulose columns (Fig. 4 A,B) . The oligonucleotides were submitted to electrophoresis on DE 81 paper in 7% formic acid. A: tRNAThr, 6 h at 1800 V, B: tRNATyr, 12 h at 900 V. The ultraviolet absorbing spots were eluted from the paper with 1 M triethylammonium-bicarbonate buffer, pH 8.2. Samples from the eluates were counted in a liquid scintillation spectrometer. The shaded areas contained all the radioactivity. The other spots were assigned by analysing their nucleoside composition and coinpairing them with the oligonucleotide composition of tRNA T^r (11) and tRNA T yr (28) respectively. B: blue marker xylene cyanol FF. Table I: Analysis of dephosphoryla ted radioactive oligonucleotides by snake venom phosphodiesterase digestion and thin layer chromatography 
